Objective: To evaluate, sequentially, tracheal aspirates from patients admitted to a pediatric intensive care unit and to associate these pathogens with length of hospital stay, previous use of antimicrobial therapy and diagnoses of ventilator-associated pneumonia.
Introduction
Pneumonia associated with mechanical ventilation (VAP) is one of the most important causes of nosocomial infections in pediatric intensive care units (PICU), as has been demonstrated by studies evaluating nosocomial infections in pediatrics. [1] [2] [3] [4] 
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The role of upper airway secretions contaminated by pathogens that drain to the subglottis in the pathogenesis of VAP in intubated patients on mechanical ventilation is already known. This fact has led to clinical and epidemiological investigations which have, in turn, contributed significantly to the understanding and management of patients suffering from VAP. [5] [6] [7] [8] It is estimated that the incidence of VAP in adults is greater than 10%. 9 The incidence in children, estimated by the CDCs National Nosocomial Infections Surveillance study (NNIS), is 20%. [5] [6] [7] Among pediatric patients, the greatest incidence occurs between 2 months and 1 year and the bacteria that is most often to blame for VAP is Pseudomonas aeruginosa. 8 The tracheobronchial tree and oropharynx of patients on mechanical ventilation are frequently contaminated by microorganisms. 9 The relation between this colonization and pulmonary infection, however, is not yet clear. Johanson et al. 10 showed that 23% of patients colonized by bacteria later developed pulmonary infection.
Controversy persists with respect of VAP, primarily in relation to diagnostic techniques and prevention strategies. The debate is the result of differences in the analysis of three important issues: the differentiation between colonization and infection, the interpretation of clinical signs and the use of antimicrobials in intensive care units. 9 As a result of these facts several studies have been published aimed at preventing, identifying and treating intra-hospital infections of the lower respiratory tract. One of the methods employed is sequential monitoring of the tracheal secretions of intubated patients in the ICU environment. [11] [12] [13] In a study of adults performed in Brazil, Carvalho et al. 14 report sensitivity and specificity of around 70% for tracheal secretion cultures when compared with broncho-alveolar lavage. In another recent Brazilian study Camargo et al. 15 found that tracheal secretion cultures had a good sensitivity, but low specificity for the diagnosis of VAP.
Assessing the literature it can be perceived that little data from pediatric patients is available on the problem.
The objective of the present study, therefore, is to perform a sequential study of the tracheal flora of patients in a pediatric ICU. Additionally, we attempt to associate this flora with certain variables, such as length of hospital stay, previous antimicrobial use and diagnosis of VAP.
Methods
The study population consisted of all pediatric patients who were intubated within 6 hours of admission to the pediatric ICU of the Sao Paulo Santa Casa, during the period between November 2002 and December 2003. The patients were selected irrespective of sex, diagnosis at point of admission, length of hospital stay or antimicrobial use.
When possible three sequential samples of tracheal secretion aspirate were collected from each patient. In addition to this, samples were taken for blood culture, urine culture, culture from the catheter tip and for any other culture necessary to investigate the case in question. The first tracheal secretion collection was performed within 6 hours of intubation and the subsequent samples were taken at regular intervals of 48 and 96 hours after the first. All samples were sent for microbiological culturing and antimicrobial sensitivity testing.
Participation was by consent in accordance with the provisions of the Code of Ethics for research on human beings.
Collections were made using sterile techniques employing a tracheal aspiration probe. The tracheal content was collected from as deep as possible a point with a closed system in vacuum directly into a Transbac ® collection flask containing culture material. The collectors were sealed and sent to the Microbiology Service at the Medical Sciences Faculty of the Sao Paulo Santa Casa, where they were seeded and cultured.
The material was seeded in blood agar and anaerinsol-S. The Agar blood was incubated at 35±2 ºC, for 18 to 24 hours and after incubation the plate was analyzed and, in the event there was no growth, re-incubated for a further 24 hours. Probable pathogens were tested for antimicrobial sensitivity according to the Kirby-Bauer method. When there was growth of more than one colony with apparently different morphologies these were isolated by reseeding each one onto fresh blood agar and, after further incubation, the procedure described above was repeated. Anaerobic cultures were grown on anaerinsol-S plates sealed into a jar with an anaerobiasis generator which allows both strict and facultative anaerobes to develop. This jar was incubated at 35±2 ºC for 48 hours. After this period the jar was opened and, if there was growth, a test for air tolerance was performed exposing the strain to room air for growth. If no such growth took place standard tests were performed to identify anaerobic organisms. The medium used for fungi was Saborauds.
The diagnostic criteria for VAP used in the study were: patient on mechanical ventilation for a minimum of 48 hours exhibiting progression or appearance of new alveolar infiltration on chest x-ray associated with thermal instability, leukopenia or Leukocytosis, the presence of purulent secretion and a need for supplementary oxygen. 16 The chi-square test, Fishers exact test and the MannWhitney test were used for the statistical analysis to compare proportions between subsets of patients. Also calculated were relative risks (rr) and their 95% confidence intervals (95% CI) to analyze the relationship between pathogens isolated at the first and third collections. The software used for all analyses was SPSS-Version 10.0.
Results
Three hundred and eighty-nine patients were admitted to the pediatric ICU of the São Paulo Santa Casa during the study period. Of these 237 were not intubated during the first hours after admission and 52 of those who were intubated were then extubated before 6 hours had elapsed. Therefore, 100 (26%) patients were included in the study. Three sequential tracheal collections were made from 59 patients, two from 18 patients and one from 23 patients. The total number of three sequential collections could not be attained for 41 patients since 23 were no longer intubated at 48 hours and another 18 patients were extubated before 96 hours had passed.
The ages of the patients studied varied from one day to 14 years. Diagnoses on admission to the ICU were as follows: 35 cases of respiratory disease, 32 cases of postoperative care or trauma, 15 malformations or neurological diseases, nine of septicemia and eight cases with other diagnoses. Fifty-five of the patients had histories of antimicrobial use prior to ICU admission.
A comparison of the three collections, with numbers and percentages of positive and negative cultures for the various isolated bacteria is given in Table 1 . The percentage of negative cultures for each of the three sequential collections was, respectively, 43, 48 and 39% (p > 0.05). In a number of different cases more than one bacteria was isolated concomitantly. There was a significant increase in positive Pseudomonas spp. cultures, increasing from 6% at the first collection to 22% at the third (p = 0.002) with a relative risk (rr) of 2.08 (95% CI: 1.41 -3.06). In contrast there was a significant decrease in cultures positive for Staphylococcus aureus from the first to the third collections, with percentages of 23 and 8% respectively (p = 0.009) while rr = 0.43 (95% CI: 0.19 -0.98).
Of the 100 patients studied, 68 were admitted with no diagnosis of pneumonia. Sixteen (23.5%) of these developed VAP. The relation between these patients and tracheal secretion cultures and their antimicrobial resistance profiles is as follows: there were 10 positive cultures being six of S. aureus with three concomitant A. baumanni cultures, two of Klebsiella spp. with one concomitant Enterobacter spp. culture, one Candida spp. and one P.aeruginosa with four cultures of methicillin-resistant Staphylococcus aureus (MRSA) identified, two of ß-lactamase producing Klebsiella spp. and the P. aeroginosa culture was resistant to just carbenicillin.
Results of cultures collected concomitantly from other sites (blood cultures, urine cultures and catheter tip cultures) were as follows: 31 patients had positive cultures (18 blood cultures, five catheter tip cultures, and 15 urine cultures) with six blood cultures being the same as the findings from the tracheal secretion -four Staphylococcus aureus and two Candida spp. -and two urine cultures and one catheter tip culture were positive for Candida spp., also concomitant with the tracheal secretion and being from the same patients who had blood cultures positive for this microorganism. Figure 1 demonstrates the microbiological profile of the first tracheal secretion culture for the groups of patients who had used antimicrobials for more than 48 hours before admission and for those who had not previously used antimicrobials. Applying the Mann-Whitney test to identify differences between the two groups revealed a significant increase in the presence of Candida spp. in the subset that had used antimicrobials previously (p < 0.05).
Discussion
For all three sequential samples there was a greater than 40% level of negative cultures irrespective of previous length of hospital stay or previous antimicrobial use. Earlier studies had indicated the possibility of negative results due to previous antimicrobial use and failures in the culturing technique. 17, 18 Notwithstanding, our study revealed higher levels of negative cultures for the three sequential samples than are described in the literature. 12, 17, 19 No significant differences were observed with respect of negative cultures when the two groups of patients -those who had and those who hadnt received antimicrobialswere compared. The only pathogen for which a difference 
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No antimicrobial therapy Antimicrobial therapy was observed in terms of isolation between these two groups was Candida spp. with the group that had previously used antimicrobials presenting a greater number of isolations. This fact is due to the microorganisms predisposition towards colonization of mucosa because of the use of antimicrobials. 17 When the results of the tracheal secretion cultures were associated with cultures collected concomitantly from other sites, six blood cultures grew the same pathogen as the tracheal secretion. Of these four were positive for Staphylococcus aureus and two for Candida spp. Two urine cultures positive for Candida spp. were also concomitant with the tracheal secretion, being from the same patients who had blood cultures positive for this microorganism. A finding of Candida spp. in tracheal secretions is more often associated with colonization, however, the cases described here are compatible with generalized fungal infection. 20 Among the bacteria isolated during the first days after starting mechanical ventilation, there was a predominance of Staphylococcus aureus, which, in the literature, corresponds with around 20 to 30% of infections respiratory in PICUs and particularly so among those that manifest earlier. 8 There was a significant increase in cultures positive for Pseudomonas spp. which indicates that endotracheal intubation breaks the barriers between the environment and the tracheal mucosa of patients allowing progressive colonization by Pseudomonas spp., which is a common pathogen in the ICU environment, as the length of intubation period increases. 20, 21 Pseudomonas spp. is a bacterium that is capable of surviving in nature with minimum nutritional requirements, being able to survive for long periods in humidifiers and solutions. 11 The fact that colonization by Pseudomonas spp. increases as the patient remains longer in the ICU is an important finding since this bacteria is the largest cause of VAP out of the gram-negative bacteria and is the most associated with increased mortality. 8, 21 In this study the incidence of VAP was 23% (16 out of 68 patients), which is close to the 16 10 and 29.1% levels found in literature. 11 One of the agents isolated from the VAP patients was Staphylococcus aureus, in six out of 16 cases (37.5%), with four of these being strains resistant to oxacillin.
Gram-positive bacteria are becoming important pathogens in these situations, particularly Staphylococcus aureus, frequently resistant to oxacillin. 8, 12, 13 Four (25%) of the 16 patients with VAP in our study had two different microorganisms isolated from the same sample of tracheal secretion which is in agreement with the literature. 17, 18 In our study there were difficulties with the diagnosis of VAP due to the difficulty of diagnostic standardization, specifically because the patients were pediatric. Two Brazilian studies have assessed the utility of tracheal secretions for etiologic VAP diagnosis.
The study undertaken by Camargo et al. 15 compared the evaluation of tracheal secretions with qualitative and quantitative microbiological evaluation, concluding that qualitative methods had greater sensitivity and quantitative methods greater specificity. Other studies, including one domestic study, have shown associations between the results of broncho-alveolar lavage and cultures from tracheal secretions. 13, 14 The colonization by pathogenic bacteria that occurs among patients during long hospital stays, particularly in PICU, represents a high risk for the patient and those who come into contact with them. We must remember that when these patients are discharged from the PICU they go to the general pediatric wards where they could become sources of contamination for other patients. 22, 23 We conclude that sequential monitoring of tracheal secretions could be of use in the evaluation of microbial flora as an indicator of the changes that take place in the intensive care unit environment.
